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The photochenical  e q L i : - i b r i m  d i s t r i b u r i o n  of ozone 
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L. A .  Lr.Trod.r.zcion 

Our knowieage of t h t  2;scribution of  ozone i n  c h c  
r 

d i s t r i b u c i c n  of  

Frorn rhe U:r.kehlr 

d i s t r ibuLion  of 

rhcse standard curves.  L: 





s h o r t  of the ~Sscrved t o t a l  2:: 3U,t s L C  higher  latitudes, and 



. . . .~ ... .... . -. 



-1;- 





Lbsorbea 22:: second per  r . o l . ~ c ~ ~ l z  of oxygen and o z ~ c . 3 .  



I - ..-r- 

I 
r ,  

'< 3? in conparison .to ' ,  +W2:<> I\s L:; get chc photochemical eqzilF- 

jriun ozone, Os, 

photochcaiczl 

production of 0'%3;1C! act l i k e  



. ... 
. ._ 

- - 3 -  

r r   foro intraducing i;h e ; - 1  2~;s e€ f r a n ' s p o r t  processes 

:.nto t he  growth  eqGation f o -  G Z O I C ,  i t  i s  iz tended t o  develop 

:,zsic ideas necessary A~,: s s c L C y  by considerln; the  

..r;fluence orL ozone of z. 2:: ~ 2 : -  ;>.-,ut a~ t h e  r a t c  of 7 

f 

r:oleeuLes of Q ~ / C T I ~ - S ~ C .  r A - i--- ;> ' eqilation ( 7 )  fo: ozone 

S u b s t i t u t i n g  for G A  :. >in ( 3 )  i n t o  (lo), we have 

(12) 

3;/crr?-sec aid <he  photoeha: -c:al process  tend t o  a r.m 
' 0  pquilibrim 0: azone OgE gi\ \3n c y  (l3), when c3 a t  = G : 



N ~ >': 

03 i 
::ince -" 

ire czn w r i t e  equat ion (13) & - ;  

>> 1, a s  was sca:?d i-: a r r i v i n g  a t  equat ion ( 9 ) ,  

or' 

a 

. .I 
(16) I 

, <  



I - 
- .. 1 - I 

,h?rr3 we have to 'choose 2 2;o;3erty of ozone that  i s  a 



Zunct ion 

ozone 

of 

is 

tl-le 

its 

ztnosphezic 

nixing 

x =  

Aer,siry. Such 

o3 = X-L 

a proper cy 

Now the r a t e  .at which i z c n e  i n c r e a s e s  a t  any given 

2oint  per u ~ i t  volume pc: . i ; F t  cin2, due to a velocity \V 

- S  glve:z 3y t h e  equzLio:-. of z o ~ ~ . t l i - i ~ i E y  f q r  ozone. 

L r v =  '(I i v 

r i  



i e f i n c d  as 

+ ( 2 0 )  

r 71 -.is a p e r i o d  comparable to :he lcngrh of a season. - n ~ s  

chat is, 

Let = 3. Ther. cvcr,_;in; GVSZ tixe would g ive  

( 2 3 )  



1' .\ow, from rhe  qeuat ion 0: cc:itIniiity w e  have 

m d  

ger  

so 

(28j 

- 
We furthey assune zcnL - sy::,;;.ctlry of y, and a stcsay 

- 
zonal w i n d  c, arid we car. l r z . - ~ c z  sq:ua.cion ( 2 8 )  t o  

( 2 9 )  

- &X +- W gj iz (29) expresses the local T h e  term - (v, hy Y 

change of x a t  any givec poinr  i n  the meridional plane dc:c 



i - 0  mean meridional and v ~ r t ,  :;I nqtions.  
-. -7-7 i, K- 2,;; w i n  ( 2 9 )  nay be c The t e r n s  - 7 xx 'J - - OY oz 

cransformcd w i t h  the he12 0-  the  Austausch assumption ' 

(see , 

::rid 

\;here 

f o r  

I 

example, HaurwFtz 1941) of di f , fus ion  as , ' 

I 

r '  of density, 

poin t  due t o  l a r g e  s c z l e  ci. :L::;:X-- zA-d n e a n  x : e r i d i o n ~ l  

along y ;  t-s . .:c;L, c:iar.ge oi o2Gr.e ac. a given 
- .  

(3ij 

I f  we s u b s t i t u t e  f o r  I', 11: c-qaztion (13) , t h c  loca l  - 
3Y 
o t  a change of ozone PI[.;-] f r G i l ?  (31) and then d iv ide  by 

. ,  ( 3 3  



or 

( 3 3 )  
. -  Equation (33) d c s c ~ ~ ~ i : : ;  ci:> zo.-hind eEfects of the 

photochemical m d  trar,spozz ,)TCCZSSZS under sceady s t a t e  
- 

condi5ions.  ~y so lv ing  ( 3 3 :  fo: a s  a f u n c t i o a  of l a t i t u d e  

and heigh:: we can ge t  t h e  d l s t r F x t i G n  of x and hence OSE 

i n  the 'meridional plane.  

- 

r-s- ~ n c  nuner ica l  nethcL,s %:tnd 3as;ldary condi t ions  rieces- 
/ ? ? \  . _  

s a r y  t o  sc lve  equat ion ( d ~ )  .re ~ i s c i x s e d  i n  t h e  riext sec-  

tion. 

. .  z ~ u l d  for3 ozone in t h e  ? o L :  n i z ~ ~  through r e a c t i o n  ( 2 ) .  

iyers of t h e  atmosphere abo~e 83 km. However, a t  lower 

3vcls below about 40 km, i t  i s  rcnscnable  t o  assume, 

( 2 )  i n  s i t u ,  so  cha t  t h e  O1 cransport  may,be neglected.  



;zinosphere t abu la t ed .  by Ges? ( . iSSO) i s  adopted. Tk,e s o l a r  

;?,zct~s;m thus constructe: 2: .  s>,G..c ir-.. F i g .  5. . .  

0, - ? ‘  Watanabe ct a. (13>2, ~ s i r . g  vacuum u l t r a v i o l z z  

:cch;?ique, nsasured t h e  :.>SC, - 7 j . Z F X  c o e f f i c i e n t s  of oxyzen 

22twcen 1050 and 1900 2. 
Jsygen i n  the Schumann-R,mgz bacds from 1800 t o ’  1960 2 

2 ; ~  acso rp t ion  c o e f f i c i z - c s  of 



End high p res su re  d a t a  f z r  . .rAL::<;li t o  ob ta in  absorp t ion  

I . .  . - -  
L n  h i s  rneasureaents >.e U S L G  .:I;;:-&: 5 i : z e r ~ n t  pressures  (between 

:zcurzcy of h i s  experirne?*tal vzlclcs. He f i t t e d  h i s  r e s u l t s  

:or t h e  e n t i r e  reg ion  t o  an ~ q ~ u a r i o n  of t h e  f o r n  

.;.iere s(cm-') i s  t h e  e x t i n c t L o n  c o z f f i c i e n t ,  P1 ( k g ~ s / c . 2 ~ )  

- 3  ~ h z  p a r t i a l  p re s su re  of ~ ~ y g e : ~ ,  ?,(kgms/crn2) i s  the  



;;yessure I n  t h z  atmosphezs. 

The absorptior,  c o e f f i ~ i e n t  of oxygen thus obczined 

i - ~  sea level pressure i s  cc:.:arsd iil Fig.  6 w i t h  t h t  or' 

Craig (1950). 

Vassy (1941) deter;nln,_.i t5e absorp t ion  c c e f f i c i e n c s  

'71 11' c. T7. . .7  -sins ozonized G X ~ S L .  and of O Z O l i e  from 2020 2 to Lilu 

2 photographic photometric r.Gzt7:Acd. However, she usee 
9 

K y  and Choong's (1933) va lue  of zb.e absorp t ion  c o e f f i c i e n t  



r e s u l t s  of Vassy, and Ny ai;( C:';.csi-kg ~ h o  measured dowi? t o  

. -  
Le explained by ord inary  c3.x ~ r z . z ~ a i  e r r o r s ,  and x~gr . t  be 

:.=e to t h e i r  use of t h e  OZO:.-ZZC ssygen and photogfa?Y.:c 

~ e t e c t i o n  as o?posed t o  t h  ~ s e  of purer  ozone ana phcto- 

c-icctric 'desect ion.  Y 
I 

But Ta~a l t a  et al., ha\ <2 observed chemiluminescence of 

:,Lre Ozone i n  their  expe:ir,<.lt. 

~ r e s e n c e  of such cheniit-iAc .cence of pure ozone i n  t h e  

I t  i s  poss ib l e  t h c t  t h e  

- n  i n v e s t i g a t i o n  of Tanaka 2~ --. , .liGy hzve been r e spons ib l e  

Tor sonewhat smaller  valLcs ,,L ';;;e ahsorp t ion  c o e f f i c i m c s  * 

> L  ozone. ,- - -  

A s  an ex tens ion  tG Lhc m a s u r e m e n t s  made by' Tar,a!cr?. 

-- c t  al., Inn and Tanaka (195:): measured the  ozone absorp t ion  
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P 

I 

in t h e  near ultraviolet irs::, 2CC3 to 3500 8 and in th2 

. i i s ib le  r eg ion  froin L O O C  cc i O G 3  A-.. 
- 3 

Vigro,ux (1953) s tv .d i c . :  c k z  zbsorprion of ozOne in the  

. .  - OL. ;4artley, :-luggins, ancl L;..:?? .:.s >z:-.L$; ;Ising photographic 

-1hotonetric nztlmd ani C Z G Z  _zed s:q/::c:-,. -I ;J,e also studied 

zhe temperature depen6er.q .:E ~ k . 2  a3sozrption coefficient 

of ozone. Howcver; his zbszrvations do not extend to wave- 

Lengths shorter than 23G2 -5 i:i zhz tiartley bands. 

G a s t  (1960) has t z X l . t e 2  t h e  absorption coefficients 

of ozone 4ro;r: 2300 to 3 C 3 C  I ckr2rziaed by Inn and Tanaka. 

?or the reg102 3000-35OC -,2 '.xs listed the absorption 

coefficients rrxxsured by YI j r o - s  .iij:.i.cn he rernarks are 

"reccnr.cnded" by im. LXL T&A:&z. Zsst has presented ehe 

c;bsorpEion coefficiencs af  S Z O ~ E  a: Lo Z and also (sui~abiy 

'ipplying she tem?erzture co.-recticy: given by Vigroux) I ?  zt 

- 4 4 O C .  

- nG 

The value cor-rcs2or. . in2 zo -&$OC is Setter suited to 

CLlculate transnission cf c .;ar tr,s.;gy in the atxosphzre:-- 

In the present st~dy ::.e zhscr2tion coefficients of 

ozone a t  wavelengths lor.zer chzc 2200 8 are adapted from 
:hz tables presented by &.s iis s';lc.,~n in Fig. 7 A .  AC 

.irrveleng;ths snor te r  thar: 2203 =\, therc is' apparently 3 large 

cifference between the ebsozpticn coefficients obtair,cd by 

'i'aiiaka et a1 . , using pure o : / - ~ i i e ,  and Vassy who used ozonized 

oxygen. 

3 



0 psicion of ozone in th? cc ...? e r a z ~ r e  range from 70-113 C. 

According to Campbell ar.d >. , .d~ixaan ,  the functional folin of 

and I& is given by 

in Fig,. 8 with that obtzinec! by Ecckcn and Patat (1936) in 



a s t r a i g h c  1 .  as shom-. 

Solu t ion  of equatii;;i 3 3 )  ~ 1 ~ 2 s  us t h e  meridional 

distribution of and hence of'czone. To solve ( 3 3 )  the  

lzais t i l rbed fro: i t s  pho~oc:-. .!nlcai  e q u i l i b r i u n  a t  2.nd above 

:::is l e v e i .  

The boilndaL-y condi;ic&-.: d c e c  t o  so lve  ( 3 3 )  are:  

(1) The f lux  of r3zcme z?xough t h e  v e r t i c a l  

boundaries a t  t h e  is zero. 

( 2 )  Photocherniczi ;q-AlliSriurn i s  assuined ac $1 kin, 

t h e  upper boundary. : ime \c r ,  during t h e  po la r  night 

i n  t n e  win ter  hemisphdie, i; is d S S u t I i d  f~a:.i 
0 60 t o  t h e  pole  t h e  photochcnical e q u i l i b r i u c  i s  

cons tan t  a t  41 kn. 



( 3 )  O n  t h e  1owzr &jkll>C .:y E L t  che troFopause 

l e v e l ,  t h e  va lue  GL c . 2  O Z J ; . ~  concenTration I s  

s p e c i f i e d  f r o n  t h z  "o . ,  ;izv&" zodel  of the nsri- 

dional  d ' istr ibutic.?.  o. G Z G , ~ , ~  2,Lven by Paetzold 

and P i s c a l a r  (1961) .  

The bouzdary c o n a i z b i .  (1) i s  pilrely a matb,enatical 

c o n s t r a i n t  and does not cal:. fo: knowledge of  he 

d i s t r i b u t i o n  of ozone ala32 :he ve-cicals a t  rhe po le s .  

T h e  boundary co;:dition ( 2 )  <.: :',-,? 41 kni l e v e l  i s  quit2 

j u s t i f i e d  fron consider;:lc: 5 c,, t5.z pkotochenical theory ,  

f 

rhe ozone 

( 3 4 )  

n ix ing  ra t io  2 .  czch g r i d p o i n t ,  i s  c a l c u l a t e d  



;.bovc equatio;z i s  perforxed I t  2225 z r i d p o i n t  s t a r z i n g  

iron 80' l a t i t u d e .  i n  one hz;is;;.:-.?rz a t  the  upper boundary, I 

icnd procecdi-ng downward zloA..,; ck-.,e v2:r t ical  t o  t h e  lower 

boundary, and then recorr;xnc Fng a= the upper boundary at: 

Lhe cex t  l a t i t c d e ,  and s s  0; .  u n t i l  60" l a t i t u d e  i n  rhe 

c 

o t h e r  hemisphere i.s reac.;cZ 
- -  The pe rame te r s ' f ,  a:~ -:, a; each gr idpoin t  dcpend on 

t h e  solar enexgy reachicg z. .- 'c 2 ~ i r . C .  

t r a n s n i t t e d  io any giverL 3Lz- ;ii: :r, ~3.2 atnosphere i s  2 

func t ion  of the zen i th  Z . - ~ ; ~ I { .  of :?.e sGn. 

However s o i ~ l -  enersy 

I n  o rde r  L O  si.Z?lify 

t h e  c a l c u l a t i o n s  i t  i s  s s ~ ; l ,  -2 ;'--- . r c c ~  :ne s ~ a  radiaces  a t  a 

t'ean z e n i t h  angle  [ i . e .  , ;2 , .dz+-Lic;. a g l e  a t  sun rise + 
z e n i t h  angle  a t  r.oon)] co-i-, ;por, i ing t o  t h e  given - ~ t i C u a e  

2nd season. 

t h e  l eng th  of day, , f ,  arLL :. 

3y che r a t i o ,  (dayl ight  ' ho~ ;c : ; / 2&  ; -~ ;? rs ) ,  corresponding t o  

each given l a t i t d c  and sea.,m. 

. -  

F u r t h e r ,  tc ta. ,: L;-,:o zccount the variation of 

a: e;& gr idpo in t  a r e  x u l c i p l i e d  

. e  

The f i n i t e  d i f f e r e n c e  sclierne adopted he re  to r 7  solve 
- r  ( 3 4 )  involves  the c e n t r s l  d: L xercr-ce approximation t o  t h e  

secoric o ide r  space der ivrz i \b i : s .  

Le r iva t ives  a r i s i n g  f ror .  ad~,~ecc- -vz  tzrms, t h e  Leleviez 

(Richtnyer ,  1957) method of :Lp7roxinzcion i s  used. 

Ijzsic i dea  &hind Lelevicr 'L mztficd i s  ro g e t  t h e  rdveccion 

Exom t h e  windward s i d e  of tile g r l l p o i n t  u s ing  non-cectered 

?oz the f i r s t  o rder  spacc 

- ihe 

t i f f  er 'ences. 



. .. . -. . .. . . - .. . .  , 

I 

The finite d i f f  ere.-.cc i?p;-sxlr&cions I t o  t h e  V ~ Z ~ O U S  

10. :er;TIs in (3L. )  are writte-?, i; - L O W  *.;C?. t he  h e l p  of F i g .  

A l l  of t h c  paramerkrs ;(, .<, v ,  w ,  I C v ,  and ICz, ::re 

subscr ip ted  with t h e  r i~ : . -~sz  1, 2 :  3 ,  o r  4 denotifig :he value 

of the  parameter a t  t he  :ss-,tczLvd z r i d p o i n t s  i n  Fig. 10. 

The value of any o'f thes3 ?,.ranetzrs denoted without  E 

s u b s c r i p t  r e f e r s  t o  the zziT.-ral >ai:?:. 

Furrher,we denotle ths .io-;izontal v e l o c i t y  v as p o s i t i v e  

i n  t h e  y d i r e c t i o n  po in t lnz  20 tile a o r t h .  S i m i l a r l y ,  che 

. = i m - i  & - *  " of rhs vertical ve1zc1 .I 1,; Ls  tcken p s i t i v e  $?ne, d i r z c ~ e c  

Lp-'2'=6 'Lon; 2. 

i\'i -~ 'v 
2 \.L "1 i n  (36) ar ise  due M 7- ;.:? The c o e f f i c i e n t s  2x - and 

t o  t h e  v a r i a t i o n  of dens i ty  ~ilori;  z .  



! 

,/ 
i 

x a t  t h e  c e n t r a l  gr idpoi r i t .  



Eqcation (39 )  i s  SJLVL: by s-dccessive .pproximat'-ons 

Fo: ?sz:-l?, L.LL Cirst guess t o  X, l e t  --a - 3  tha  value of x. 

is szy ,  i s  XI. 

s i d e  of ( 3 9 ) ,  w e  caicu1a;e 

Then s u b ~ t i : ~ . ~ i n ?  x' i n  t h e  right-hand 

RZK vclice Eor x denoted x I /  . 

Successive approxi.:,zt 21-1s 'io are made L n t i l  t h e  

cri, t e r i o n  

(41) 

i s  s s t i s f i e d .  

ozanz concent ra t ion  (P;X) at -,he c z c t c r  of t h e  l aye r  i s  

Afcer  cb.2 c~.Cer%s:-- (41) i s  s a t i s f i e d ,  the 

obtained.  

The baundary conGitic.:s: ( 2 )  and ( 3 )  do not  present  

any problem sir.ce they z z e  s p e c i f i e d  t o  s ta r t  w i t h .  

t h e  boundary condi t ion  (1) has  t o  be s a t i s f i e d  impLlCiKly 

But 
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PIX 
i2€3 N3i': + Mx 

Equation ( 4 2 )  

is, if the value of x is Cx ac a y  given point f-rorn 
- -  ijreceding iteration, and [ x - ~  ~ ~ ' o m  the succeeding iteration, 

ihe convergence criterion rl:;uirea 



r q o \  To so lve  ciquation and t o  o b t a i n  t ‘ r e  s teady  

s t a t e  d i s t r i b u t i o n  of O Z ~ ; I S  eorrzs - - -~ding  F d A  t o  e i t h e r  t he  

t i n e  of so l s r i czs  o r  equiilcxes, ~2 l o  not have t o  sp2c i fy  

‘ihe d i s t r l b u t i o n  o f  o z x - 2  i ~ .  ;1,-..2 i z t e r i o r  of t h e  f i e l d .  

One may s t a r t .  w i t h  t h e  -,L-.ot,;chc;i?ieal equ i l ib r lLx  disc-i- 

but ion  i n  t h e  i n t e r i o r  0 2  E.-.? Z t 2 L i  as t h e  first p c s s .  

i t  i s  observed t h a t  aboils 52 ic2za~ions of t h e  e n t i r z  

field are adequate to ger a convergence l e v e l  of l e s s  

than  1 percent  s t i p u l a t e d  ( L 3 ) .  

- 

‘,‘heories cons t ruc ted  on c’r-z X S L S  of e i t h e r  one of t hese  

LWO seem t o  be capable of e.A>,a.inir,g phenomena suc:~ LS tk.2 - .  

.;pi-eacl of r a d i o a c t i v e  debri., i n  t he  s t r a tosphe re .  A n  a t t e z p c  

1-s m s a e  he re  t o  present  an , iecoun~ of both of t hese  schools  

of thought. 

Brewer ( 1 9 4 9 ) ,  froxi I-,-s Erost  po in t  hygrornetcr 

neasmenents  of water va?or zontent i n  t h e  lower s t r a t o s p h e r e  
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- . _  3rewer ex?Lcinea the veyci~:.~~ c:scribution of water v ~ p o r  

i n  the loxex ;solar stratss?.-.:rc 3 s  ;i resuit of upwa.;C 

d i f fus io r ;  02 water vapo;- G:;.,;SCC: by 2 slow sinking 05 v e r y  

c.!ry a i r  f r o n  above. 

. 

A r.2~7- _ .  - s e  c ~ z r e i - ~ t  f ron  the troposphezz 
.. - .- --"; e 1 into c'fie stratospherz in Z-  t=LAULLi"L*.UL region :?as pL?sCu12C2:d 

- .  . . .  to balance such a sicw sizx~-:.g 3 :  2 1 ~  in the higher laritudes 

irom rhe strarospheze i::a ::.s crsposphere .  

Brewer estimzted EZK. 8:kd 33served vertical profiles 

of water vapor distribusioz a vzixe of 1.8 x 10'" to 

5 :i lO-'cx-' for the  ratio 1 7 / K z ,  w ' n s r e  w(crr/sec) is t h e  

velociry of the, sinking x-.G;L.ar,, and I < ~  (cm2/sec) is i~:;.e 

- ? .  vertical eddy diffusion e~?~riclent, i n  the lower scrzto- 

:,?here. 

,-.dvection could be only 3112- :ciith of sinking. 

LI-.  c -  axewer were e c c e p t e d  2y . >>SG&-. (1956) tc zx~izl.1. :l-.,e 

H e  a l so  suggzstzd C X L   ne effect of hoz izon ta l  

Thase ideas 
- -  

easonal distribution of O Z \ ' - ~ C  F:t thc atmosFhere. Zx 



v e r t l c a l  d i s t r i h u t i o n  of L . G ; ~ Y  VZ?CT i n  the s t r a tos$e re ,  

..7hich led Brewer to pos:illz::s ;lis r -ode l  of t he  organized i 

c i r c u l a t i o n  i n  t h e  stra'iss?.2r*, c c z s  ;',ot appear  t o  Si? a 

;enera1 ci iazscce- is t ic  G F  t -.s stra~osphere on the  ~ k ~ ~ l e  

;lobe. 

LO increase  with height  Lr. 

- .  

The watzr vapor -2ix-22 r a c i o  i s  observed son2tirnes 

:.e s ~ z a t o s p h e r e  (Mastenb~ook 
~- 

1 p c -  -- et al., L ~ o L ) .  
/ - ( - T I  \ Xurgarroyd and Sir.;ls 31; - ~ Z J - )  n6glec t ing  thz  

-nfl~iience of l a r g e  s c z l c  iii ius:;:, h v e  made a c a l c u l a t i o n  

of rreridional c i r cu la t i cA2  sLL;iicizi:t to t r a n s p o r t  .:eat 

between r a d i a t i o n a l  sGurces -EL S L X S  ?,n ehe stratosphere 

< 15-55 km) 2nd r:.asospf;zr2 >-;L . x i .  Conbining suic;bly 

Lhe r a d i a t i k e  hea t ing  VL-LE or' Gk~i:-~g (1958) and Murgatroyd 

- -  

- - r  

z-nd Goody (1958), and mcdif::Lng s l i & t i y  t h e  combined 

Eenperature necdcd as a f~ine:iar- of time i n  t h e i r  c o ~ ~ ~ : t a -  

cioiis were obtained witk X I  i r ? ? l i c i t  assumptlon t h a t  r ,  chzs~ 

twoquan t i t i e s  a r e  i n  phase ~ r ~ t l ~  :the sun. 

. e  

The c i r c u i a c i o n  model -11~s obtained has a risics 

r.-.otior. of a i r  below 30 km OVL'L' t-he t r o p i c a l  latitudes, wi th  
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From the earlier aisc~.;sio~. in Section iV on tke 

. transport processes--narely l c l - 2 ~  scale diffusion ar;d inean 

b i .er idiona1 morions--it is z,: z c s y  ro a r r ive  at a campre: 

;:ensive unified picture of t,iese cicsnsport processes. 

computation of such a ucif i i : !  nodei of the trarspo-t 

processes that includes both diffusion and mean meridional 

notions is beyond the scope 0 4  this w o r k .  

Attempt is made in this sciidy LO cokbine the zean nexidional 

z.otFnr?s riepicred h.y Murgarrn;rd 2r.d Singleton and the dif - 
Lusion model of Spar' with :; (> h z l p  of investigations rade 

5y Newell in which an evzl-Ts-::icE of :he relative importance 

of each one of these transpo;^c t,;'Gczsses is made. 

A 
a 

Instead, an 

The large scale diffds;.o;-, txodei of Spar for the strato- 

sphere suggests that the vercrcai eddy diffusion coefLicisnt 

increases from a low baluc  01' 4 x 10"cm2/sec in the tropics 

to 2 x lO"cm'/sec at the pGlar latitudes. The variation of 

:he horizontal eddy diffus1c:l ccefficient with latitude 

zould not be so readily asc2r:ained. Hence the variation 

s f  the horizontal' eddy aiffLsion coefficient has to be 

zlicited fros an experirr.entzt.ion wiLh the calculations or; 

:'ne model of the meridioncl Listribution of ozone. 

The experimentation or. cne neridional distribution of 

~ i o n e  under steady state cor&clition for the equinoxes is , _  

first undertaken. 



Fro3 a few trial cs1c;: lazians with a constar;t value 

(sf 2 x 10' cn2/sec for tile .-ai-izoAtai eddy diffusion 

coeflicient, a rapid increz.-e in the value of ICz, t h e  

vertical eddy diffusion coelficiznt from tropical latitudes 

50 the polar latitudes as s'-.ow;i in Table 1, is chcsez. 

, 

0 -  

Table 1. Variation of I<, w1th lazitude f o r  the equinoxes. 

From similar experiasntaclon an optimum value 05 

,ibout 20 percent of the ?lur;atroyd and Singleton circulation 

' (comprising rhe meridional < i d  vertical velocities) for the 

,?quinoxes is arrived at. A,,parcnt ly  this estimate of the 

xean meridional circulation, in a broad sense, is in agree- 

xcnt with the estimate of tl;e nean aeridional notion 

arrived at by Friend, et &., (1961) from their invesziga- 
Lion on the rate at which C'.-,e hal, width of the W 185 cloud 

-ncreased in the north-sout:: direction. Newellls (1961) 

,rstinate of the nean neridionzl notion aJso seems to , 

support this evaluation of :he Kurgatroyd and Singleton 
----- .-?.?< 2; - n q l  
i 1 i c a i i  L t l c l  A U I V I I U L L  circulztioc - 

The model of *the distziburion of ozone chlculatcd 



f o r  ths cqLinoxes as explz:l . :d i n  IiI-€3, with the  above 

schenc of t r anspor t  proc?s';:s, i s  skLown i n  Fig. 14, . 

The ConeenCraZFon of ozone on rha iropopausc, th'c 

lower Soundary of the  rmdel, i s  s p e c i f i e d  with t h e - h e l p  of 

t he  "observed" d i s t r ibu t io i ;  of Faetzold,. et d. ,' (Fig. 4 )  

f o r  spr ing  and autumn. 

The computed model thL-s obtained f o r  t h e  equino:ies 

still, shows the ozone h i &  produczd by s o l a r  r a d i a t i o n  . .  

over  t h e  t r o p i c a l  l a t i t u d e s .  lio.dever, t h e r e  i s  a reasonably 

sood l a t e r a l  spread of ozozi: ;ha; I s  bes t  i l l u s t r z t e d  i n  
-3 

2 i g .  156 i n which t h e  

ozone ca lcu la t ed  f o r  t he  

v z r i a t i o n  of 

p l o  t t ed . 
t o t a l  

The z o t a l  

ozone obcained from Che 2hozochexicai equi l ibr ium ca lcu la -  

c ion f o r  equinoxes i s  s h m c  i n  FLg. 15A f o r  comparison. 

From t h e  scheme of thd  t r aL-s?o r t  processes  uscd t o  

c a l c u l a t e  t h i s  (F ig .  ,14) d i s z r i b A r i o n  of ozone, i t  i s  

obvious t h a t  t h e  d i f f u s i o n  pa t te r r ,  i s  symmetrical about t h e  

equator .  There i s ,  however, a s y m e t r y  of c i r c u l a t i o n  present  

between t h e  sprsng and a~-+'-- uLu..,~i he l i sphe res .  Such s a p p r f  i c i a l  

2 r gumen t cannot be c a r r i e d  i u r t h z r  t o  conclude t h a t  che 
- .  
&if f e r e i x e  between t h e  d isc- ibut ion  of  ozone between s p r i n g  

:md autumn i s  due e n t i r e l y  L O  t h e  d i f f e r e n c e  i n  c i r c u l a t i o n  

i i2te~sir17. J Sxch 2 cnnc1:2sir 2 i s  n i s l ead ing .  The i a r g e  

s c a l e  d i f f u s i o n  processes  i:. zhe v z r t i c a l  and hor izor , ta l  



- .  
, d i r e c t i o n s  i n t e r a c t  i n  a p.c.;~;nea'r fash ion  wi th  t h c  i x a n  

4 .- 

n e r i i i o n a l  c i r c u l a t i o n .  IC  i s  inore j u s t i f i e d  t o  i i i fez  

z h a c  the d i f f e r e n c e  betwcc;i che Ldci tudinal  distribution of 

ozone i n  s p r i a g  2nd autc.::n ..s a r e s u l t  of t h e  mutual i n t e r -  

a c t i o n  of t he  clrculatic.-l  a:-.? d i f f u s i o n  phenomena. 

The inc rease  of t o t a l  ,3zon2 with l a t i t u d e  showx i n  

F ig .  15B i s  inadequate t o  e::?lai.i t h e ' t o t a l  ozone inc rease  

w i t h  l a t i t u d e  por t rayed  3y i,tmaon (1962) . fo r  sp r ing  m d  

ciutumn. This i x n e d i a t e l y  lL i d s  O i l e  Lo an examination of 

r h e  ho r i zon ta l  eddy d i f fxs io- .  c o z f f i c i e n t .  S p a r ' s  i n v e s t i -  

:;arions s'ilow that t h e  ho.-iz< ita1 eddy d i f f u s i o n  c o e f f i d i e n t  

has  a l a r g e  range of va lzcs .  Th2:efore f u r t h e r  ex2erimen- 

t a t i o n  on t h e  meridional  di:.:rlbdcion of ozone has been 

cone, i nc reas ing  t h e  hor:zo. I&, ?cay d i f fus ior t  c a s i f i c i c n t '  

from t r o p i c a l  l s t i t u d e s  LO : s ~ l i i z  l a t i t u d e s .  Eventual ly  a 

v a r i a t i o n  of somewhat a x  t LO t h e  v a r i a t i o n  O i  

;.iith l a t i t u d e  has been founc- suicablz. The v a r i a t i o n  of 

ICy thus a r r i v e d  a t  i s  shown -in Table 2. , .  I 

Tab le  2.  Va r i a t ion  of I<, wSc1-i l a t ' i tude  f o r  t h e  eauinoxes. 

0 10 20 30 , 40 50 60 70 . 80 99 - 0  ,at 

.<,, 1G10*cm2/sec 0 .2  0 .2  0 4 0 .6  0.8 1,.0 1.0 ' 1 . 0  1 . 0  1.9 



The meridional  d i s t r i  -,c:io.~ of ozone ,cal .culatcd wi th  I -  

such a v a r i a t i o n  of KY alar..; w l t n  che model of t he  K, and 

mean meridional no t ion  used i n  c , i z  preceding computation, 

is shown i n  Fig.  1 6 .  Thz v;:riation of t h e  t o t a l  ozone wi th  

l a t i t u d e  given by t h i s  alsr:-ibuzion i s  p l o t t e d  i n  Fig. 1 7 .  

The i n c r e a s e  of tcsal O Z O I ; ~  from t r o p i c a l  latitudes 

t o  t h e  polar  l a t i t u d e s  s~-iow:. i n  '1s. S7 i s  i n  b e t t e r  agree-  

ment w i t h  t h a t  of London's ,awes for spr.ing ar;d a u t u m .  

On t h e  b a s i s  of reasonable \ . ;reexn-c between the  observed 

z o t a l  ozone czrves  and tLi2 ,:mpu;cG ones,  i t  i s  f e l t  t h a t ,  
. .  i n  o rde r  t o  exp la in  the  ;iY L ~ g  ~ ~ i 1 1 - u ~  of 0zop-e a t  'nlgher 

l a t i t u d e s  by t h e  s teady  ~ ~ 2 - 5  a?"aach, i nc rease  of the 

h o r i z o n t a l  eddy d i f f u s i o n  c . : ~ f f l c L s n t  from t r o p i c a l  i a t i -  

r c22s  t o  po la r  l a t i t u c e s  i s  :ecc;sary. 

A f t e r  having studi2c .:- Gecaiii t h e  behavlor of zhe 

var ious  t r a n s p o r t i n g  nec:lsi; ;ns f o r  t h e  sp r ing  and autumn 

seasons,  i t  i s  straightforw,.cc t;o proceed t o  t h e  surnr.:er 

,-,nd winter  seasons.  Fur theynore,  t h e  q u a n t i t a t i v e  . .  m o c l e l  

of t he  transport:  mechanism 5eveiopzd t o  e x p l a i n . t h e  c i s t r i -  

;Jution of ozone f o r  spriAg ..ld aileuxn nay now be checked 

;-n Che computation of th?  s-~ady s t a t e  d i s t r i b u t i o n  of 

ozone f o r  scmmer and winter. 

From t h e  observa t ians  xade by Fr iend ,  et &., (1961) 

on t h e  W 185 cloud i t  i s  ~ p p ~ . r e : i t  that t h e  cen te r  of t h e  

ciloul has a tcndency t o  n o v ~  wiZn t h e  sun. Th5s i n t e r e s t -  

, 
I ,  

4 '  

9 



:ne, letail suggests a s h i f c  ;f t h e  whole pattern of the 

cliffusion fieid along wizh : -E .s;n. 

hemisphere tilted toward click sui1 has a comparacively weak 

pattern of cliff us ion, w'i-. i le :he :iernisphere ti 1 t ed away 

from the sun has a corrE.,po:dingLy narc intense mixing. Such 

;n idea seems to be quit2 cL ;sis:enz with the relatively 

stable lapse rates of tczpe;-Licurz in che summer strzcosphere 

I n  other words, t h s  

I .- 

m d  comparatively less scab!,. ia?se rates and polar night 

j e t  stream (Hare, 1960) in t :e wizrer stratosphere. 
I 

The above ideas have .;?en suitably used to adjcsc 

rhe diffusion pattern ~ G Z  t.T.2 sc,mer and winter henispheres 

i t s  shown i n  Table 3 .  

- 0  F , a  t LO 20 312 L O  50 60 70 80 90 

.z,.io" cm"/sec 0.4' 0.1; 0 . 1 ~  c .5  0.9 1.4 2.0 2.0 2.0 

<,=1010cm2/szc 0.2 0.2 0.2 0.4 0.6 0.8 1.0 1.0 1.0 

T ko i,a L 0. 10 20 30 40 50  60 70 80 90 

: < z - l O c  cm2/sec 0.6 0.9 1.4- 2.0 2 . 0 4  2.0 2 .0  &2:0 2.0 2 .9  

;v .1010c~2/S22 c.4 5.6 13.5 1.8 1 . c .  1.0 1.0. 1.0 1.0 1.0 
. .  . i .  



With pattern - 
G f  vertical and horizontal eddy 

c.iffGsion shown in Table 3, 2nd w i t ' i l  20 percenc of Nurgatroyi 

:,nd Singleton's mean nerldici.ia1 zizeclatisn for e h s  solstices, 

;; s~eady stzte distribc;ion Jf ozone is calculated 2s  

c:xplained ir. 111-B. 

The boundary *condizlo;-. 011 the  CTopopause is again 

specified fro2 the Paetzold -s gl., ;nodel. It is cacitly 

assumed here t k t  the CGiiCe;lZr,$tion .of ozone on the tropo- 

pause in winter is similar :o t h a t  in spring, and in 

summer is similar to that ir. autuan. Such as assumption may 

not be unreasonable if 0r.e considers  the latitudinal 
* -  

distribution of total ozone during these seasons. Inciden- 

tally, this assumption provides a good ground to test the 

influence of the lower bomdary  condition on the distribu- 

Lion of ozone in the intericy of i he field of computation. 

The distribution of G;.L~T'IC rzsulcing under steady 

state condition for s o l s t l c  -, csicalcted with the ZbGv? 

'>oGndary condition on th=: Lii)po?ztise is shown in Fig. 18. 

:ne variatioii of total ozox  wit.-. la~itude coinpdtec f o z  the 

:orresponding seasons is p?o:ted I n  FLg. 18. 

-7 

The latitudinal' increa-e oi total ozone for wintsr a d  

:;ummer shown in Fig. 1.8 revezls saxe significant departures 

-:ram the corresponding curves of Landon.(1962). The solar. 

zadiatlion incident normally 'it 23.5' latitude on t'r.3 surmer 



k.emisphere in the computed : x e i  has apparently contributed 

io conparatively larger vai, 3s *of r h e  cotai ozone in tht? 

cropical latitudes. In the xiiitsr hemisphere the total 

cizone from the compilted node1 ir, the tropical latitudes 

seems to be appreciably .mc, Le: :ha2 that given by London's 

curve. The relatively izLi2,:  tal amounts of ozone in 

summer and smaller arnounzs :.ai winter in the tropical latitudes 

. .- 

shown by London's curves, li.;ds i? quzlitative support to 

fhe computed results. 

difference of about 30 D.U. 5eZw2Etn che sumzer and winter 

Lt the equatzor with a mean r o t a 1  ozone of about 250 D.U. 

The computed total ozone cu~ves skow a maximum dif,f,erence of 

;bout 48 D.U. at about 23 ,TLt icude  with a mean total ozone 

af  about 258 D.U. 

LOZ^rd(j.lis curves show a maximurn 

-0 - 

Although the totai o z ~ ~ - , e  variation with latitude com- 

5,tlted for the four seasons s.;own in Fig. 17 qualitatively 

Zgrees with rhe observed ciii-\~cs (London's), there is consider- 

ible disagrecment between cb.e ,\<a. 

Zor spring and winter is sclli short of the observed increase 

3f ozone for those seasoils. On the other hand, the calcu- 

T h e  t o t a l  ozone cornputed 

Lated total ozone for sunme- and aGtunn i s  considerably lzrger 

;ban that suggested by the observed values. The diffe-rence 

;?tween the winter and svmrnc-r- total o z o i e  from che observed 

~alucs, at higher latitudes, is almost double that obtained 

:TOP, the computations. :TOP, the computations. 
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, ,  

The seasonal 'variaLlG.: of azoi--:e in this study is 
, .  

computed with an assumptior. 02 st~ziy state coilditions. 

Such an assumption may not: be jxscified for each season, 

Jut should be valid for the ;near. znr,ual ozone distribution 

with latitude. The near, amiual total ozone distribution is 

obtained from the computsed ~ o t z l  ozone curves for thc 'four 

seasons as shown in Fig. 1 9 .  The Sean annual total ozone 

distribution constructed ir. this fashion * is in reasonr;ble 

agreement with that of the observed total ozone curves . 

(London 1962). 

Until now the discuss- ;n  en the computed meridlonal 

cListributions of ozone hzs ):e:; L-ISZC; on rhe total ozone 

variztion with latitude. T;;t xphasis faid onl the total 

meridional plane is nair-ly cde to che fact that the total 

ozone is the only parameter 3f acr.os?heric 0zor.e known with 

a good degree of accuracy. 

In general, all of the corputed models of th2 neri- 

dional distribution of 

"observed1' models. Each o m  of Che computed models clearly 

shows three ozone highs. 0r.s of these ozone highs is 

2vidently produced by the  sc l a r  radiation and is in t ' r e  

O Z G I - , ~  do not quite 'resemble zhe 

tropical stratosphere ce::rc:-ca around 30 km height. The 

other two ozone highs are a ::esc:1t or' the transporz processes, 
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and r h e i r  c c n t e r s  are loc=cz:6 a z ~ a n i  18 krn he ight  a t  :he 

?ales i n  s ? r ing ,  autunn j L - 1 ~  .A4i-.Ld: :-.eiiiisph;eres . ,,,A; c e z t c r  

i s  around 20 k m  he ight  . z i ~  ::-.e s’;xii?zr pole .  

-’- : 

The “observed” nodsls of t ; ; ~  z e r i d i o n a l  d i s t r l b u t i o n  

of ozone do not  i n d i c a t e  tb,? eslszeilce of an ozone hisb. i n  

zhe t r o p i c a l  s t r a t o s p h e r z .  The ozoce high  c l o s e  t o  t h e  

pole i s  present’  on ly  i n  t h e  .-i..ocel of Paetzold i n  t h e , s p r i n g  

hemisphere. 

I n  t h e  conputed mode;.; z’c higl-,er l a t i t u d e s ,  l a r g e  

h o r i z o n t a l  and v e r t i c a l  g rad ien ts  cf ozone g r e  present  c l o s e  

zo t h e  tropopause during sp-ing, autumn, and w i n t e r ,  while  

da r ing  summer a r a t h e r  weii g a d i e n t  i s  developed. 

d i s t r i b u t i o n  of ozone i n  t k 2  l a g e r  s t r a t o s p h e r e  durlng 

surmer i s  thus  considerably ClZiSreni; from L l l e  othe.; ihree 

seasons. T l i i s  i s  pr imari ly  L co.?sequence 05 tile weak 

The 

- .  r r  

d i f f u s i o n  p a t t e z n  and ti?? r - s i n g  a i r  no t ions  present  over 

-arge por t ions  of rhe s t rc . t ;sphcrz ia t h e  summer henisghere. 

The “observed” rnou,-,ls suggzst t h e  presence of s t rong  

h o r i z o n t a l  and v e r t i c a l  gaL.Lenzs of ozone ‘in t h e  lower 

s t r a t o s p h e r e  a t  nigh 1aLiLxI.s~ d c ~ i r ‘ g  s p r i n g  and probably 

du r ing  l a t e  win ter .  

The zGne of ozone n : a ~ n u s ,  formed by the  t h r e e  ozone 

1:ighs i n  both tne equino(sti..l and t h e  s o l s t i c i a l  nodcls  or‘ 

the  s teady s ta te  d i s t r i b u t i o n  of ozone ca l cu la t ed  i n  t h i s  

s t u d y ,  s lopes  down s t e e p l y  from the  subsolar  po in t  t o  t h e  
. .  



~~ 
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From che 

ili s t r i b u t  ion  

above b r i z f  d i scuss ion  O f  t h e  meridional 

Of ozone, rexarked t h a t ,  t he  co;n?ut ed 

xodels  d i f  f ex from the  " ~ 5 s  >rved" xodels i n  many aeta;ls ,  

aut t h e  genera l  p a t t e r n s  1;: 30th  :he computed 2nd the  ' 

"observed" models are s l  n i l  .i-. J n t i l  our knowledge of t h e  

ilobserved" d i s t r i b u t i o n  of ozone i n  t h e  'atmosphere i s  

b e t t e r  than i t  i s  a t  presezc,  i t  l q i l i  not  be poss ib l e  t o  

judge q u a n t i t a t i v e l y  the  d e i a i l s  of che computed modcis. 

To t e s t  t h e  inf luence of t.ie lower boundary condi t ion  

on t h e  computed distribuzioi- .  of 3zone i n  t h e  i n t e r i o r  of 

the  f i e l d ,  a c a l c u l a t i o n  05 :he a z ~ n e  d i s t r i b u c i o n  f o r  t he  

s o l s t i c e s  i s  made wi th  r a d i L  3.ll.y d i f f e r e n t  boundary'condi- 

t i o n  on t h e  tropopause. Ir: -he zox?uted d i s ' t r i b u t i o n  shown 

i n  Fig.  18 t h e  lower, bo.ilildai-:q cond i t ion  has been taken t o  

lie exac t ly  t h e  same as t h a t  -2scd f o r  sp r ing  and autumn. 

i n  o rde r  t o  t es t  the  s iL; i i f ieance of t'rie lower boundary 

cond i t ion ,  t h e  d i s t r i b u t l o n  of oLone on t h e  tropopause fo-r 
I 
I > . i n t e r  i s  taken t o  be haif  :hat of s p r i n g ,  and f o r  sumner, 

twice zhat cf aGtum. Szch ?a a l t e r a t i o n  of t he  bour.dary 

cond i t ion ,  however, i s  done from 40 l a t i t u d e  t o  t h e  pole  0 



Lat 0 0 10 20 23 40 50  60 * 7 0  80  90 

:.-inter 0.54 0.54 0.67 1.38 1 . A i  1.34 1.48 1.75 2.00 2.00 

Suinrncr 0.54 0.54 0 .54  0.3 a.08 1.08 2.16 2.64 3.20 3.20 

. In order to bring to lr-g'nc the significance of the 

lower boundary condition, t h 2  tocal ozone variation with 

latitude corresponding to th:e two sets of lower boundary 

Condition for solstices is ni-eseztcc in Fig. 20. "Desides 

:his ,in Fig. 21 iile V ~ L L L L ~ ~ , .  d l s t ~ - i S ~ ~ L o i L  .of O L O I ~ ~ , '  taken 

from the meridional distribL.::ions of ozone coinputed with 

zhese two different bour,dar;- conditions at 60' latitude 

. -  , .  

in the winter and sumrner hcnis?heres,is presented. 

From Fig. 21 it may be observed that changing the lower 

Joundary condition does no; :-L,ect the ozone distribution 

ibove about 20 km. The in f luence  of the boundary value 

rapidly decreases with h e l g h r  . 
;y a factor of 2 has altered the totaL ozone by about 8 per- 

cent. 

:he effect of the tr,ansport processes that strongly control 

-ic distribuzion.of ozone wirhin the interior of the field. 

Changing the boundary value 

This comparatively szrLli  change is obviously due to 

: 
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B. T,in:itaCions of :he ; t ~ i d y  

The study of the rer ic  ioncii ciazi-ilxtion of ozore 

:.&de in this investigation :; p c r e l y  a numerical experi- 

T .ent . 
In this study the >Ss(>:pCiai-L coefficient of ozorie in 

r 

t:he spectral interval 2200 L G  2G2G 4 is adopted, with suit- 
cAble modification, from V a s : , ; 7 ’ s  (1941) photographic photo- 

. xetric measurements. I f ,  hc:icver , the absorption coefficient 

s f  ozone, in the same specz:-<;l interval, reported by Tanaka 

-- et al., (1954) is used, o m  ~ould gec much larger photo- 

zhernical production of czai i  

tudes. Then in order to zeL.dcz s-xh large anounts of 

ss?eciz.ily at tropical l a t i -  

Ozone produced at the tropical latitudes to the anounts 

observed, it is necessary :c, x s e  risir ,g xorsions in the' 

tropical stratosphere of c?bc)dt ti12 same magnitude as shown 

cn Hurgatroyd and Singlecon.:; \ L Y D L )  model. So the present 

smdy in which Vassy’ s a b s s - p t i o n  coefficient of, ozone is 

used cannot unequivocally pixc t,he stratospheric meridional 

circulation at 20 percert oi t’xr of Nurgatroyd andl 

S Fngleton. 

f , P < T  

The calculation of the mzricllonal distribution of ’ 

, I  

2zone for different seasons has been made as t’nough the 

>-.ear! seasonal  transport proc:,:sses and the mean solar insola- 

tion f o r  the season tend to p r o d ~ c e  a quasiystationary pattern 
< I  . 



of ozone. Such an assu;;.?ti;;i ca.; r?.c.ke the results obzained 
* .- 

in this study not applicnbi,? in toto to che real atmosphere 
V 

in which boch the solar insalariJn and transport processes 

‘ire varying with time. 

2omputed in this study are >specially subject to such a 

,imitation. The mean anwa.. totai ozone distribution is 

;>robably the least affecled qunnzity obtained in this 

investigation with the s - e ~ y  stzze zssumption. 

The seasmal variations of ozone 

A more satisfactory s z u c y  af atmo-spheric ozone would 

be that in which one does noc  have to*invoke Che quasi- 

. , stationary seasonal distzibt:cion of ozone. Such a study 

would call f o r  an approach LO Lhis problem as an initial 

value problem. This impiieb thac ofie should have a detailed 

2nd reliable initial distrib-ltioA of ozone, ana zlso good 

quantitative information on :he seasonal variation of large 

scale transport processes ir. thc ntxosphere. In view of 

che lack of this detailed ir2omLtion demanded by the 

initial value problem, tne p:ese;lt study has been made, by 

Zalting a l e s s  satisfsctory :).Lt rc3r3 simple approach. Hznce 

caution nust be exercised ir. intzrp-eting the results 

obtained from this study wiLCi a steady state assum?tion. 

“ne pr5ser.t investigation cz:i be no nore than a starting 

point to more sophisticated a-id realistic f u t u r e  studies 

of the atmospheric ozone. The s%2tisfactory manner in which 

4 ,  

* ,  
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‘Ihe present investigation 52s accouzted f o r  the observed 

Zotgl ozone in the atmos$el-> ca:l a: best be only a crude 
* c  

zransport processes in disr:*LSuting ozone in the atmosphere. 

The models of the Lrai-..;porL 7rocesses used in this 

investigation lack rigorous dynainical basis. The ef forzs * 

::ade to synthesize the acivez-ive and diffusive fields in 

rhe atmosphere are purezy fzoa the  poiat of view of explain- 

i ng  the seasonal variation (if the  atmospheric ozone. T h e  

ability of such a scheme of rransport processes to explain 
185 . 

che seasonal variation of ten:per:.ture or W 

sphere is still questionEble. TPLe only juscification =hat 

-an be attributed to this sci-..c;ne of transport processes 

in the scrato- 

- s  that it is within reasonLzie !.inits 

iheoretical ana observational fir,dings. 

The variations of mor.? 

.. ;:?e by no means negligible. 

variation of total ozone 

Europe strongly suggest 

3Y 

in 

laid by the current 

the east-west direction ,. 

The invescigations of 
._ 
z i d n e r  

such zonal 

the 

(1958) .over Westerii , 
, .  

variations. The assump- 

tion of zonal symmetry of ozone xade in this study is a 

very broad assumption. 

The height of the.tropo?ause is assumed to vary 

sxoot’niy from tropical latitudes to higher latitudes. On - 

t.he contrary, the observed shape of the tropopause shows’ 



a disconrinuity between the ‘iropical and 

3rewer (1960) and Friend, er (1961) 

Length the important parc p!aycd by chis 

tropopause and the jet s t r ex i  pr2sent at 

middle lacitcdcs. 

have cibL;bseu at 

break in t;he 

7 .  ? _ . _ _  a 

this break in the 

zxchange of ozone and nGcls:: d s ~ ’ ~ ’ i s ,  respectively, between 

the troposphere and strztosy.iere. 

available at present, it doc, not scem possible to introduce 

such features on a quantita;ivc 5asis in this study. 

WLth che infornation 

The influence of the ILrge scale fluctuating vertical 

velocities in the early spring, whicn produce explosive 

warming and a large rise of a z o i ? ~  (Godson 196O),has no t  

been included in this st-dy- Al.so the meridiorial crafisport 

2uc to the meandering waves -S,G ve.--tical notions askoclated 
; Q T A \  i i t h  the jet stream presecc ;n t n e  ?alar nighr; ( H a r e  - 7 ~ u i  

.?as not been quantitativziy 2 ncorpo-cited. 

‘11. Summary an2: conclus5c:is 

In the light of thz J C , . ~  G Z L A  on solar radiation and 

<~ther parameters necessary ::)I- FAotochemical calculations, 

i computation of the rnerldic-cii aistribution of photochemical 

zquilibriun of ozone f o r  solstices and equinoxes is made. 

i: is found,in agreement with ideas of the earlier investi- 

;&tors, that the photachmiczl theory by itself cannot 

2xplain the latitudinal ana seasonal variatioa of o z ~ i i e .  

. a  

. . ’  
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To study the part plc,;-cd by transport processes in 

the stratosphere, the neces.-ary zquation which includes 

t h e  combined e f f e c t s  of ;shoLcchcnical and transport processes 

.ias been developed for stecL:y s t a t e  conditions. 

an equation and using a schL.r.e oi ~ ~ ~ n s p o r t  process that 

is within reasonable agreer,at with the current ideas on 

transport processes in the sLrazosphere, meridional distri- 

With such 
* y e  

bution of ozone pmduced u2-a stzacy state conditions are 

calculated f o r  equinoxes solstices. The seasonal and 

latitudinal variation of tozal ozone thus obtained is in " 

qualitative agreement with che observed variations of total 

ozone in the atmosphere shom by Ehe investigations of8 

London (1962). 

Considering the lixitations oi this ~cuay,~ii; is hard 
. .  

Lo say that all the groblms concerning the behavior , ,  of. 

ozone in the, atmosphere have: beeLi answered quantitatively. 

3ut it may be remarked that Lhe Eechnique developed in 

chis invesrigation is potenzially good f o r  studying the 

Iiroblem of atmospheric OZOIIZ. 

quasiystationary approach w 3 l d  ?ut the problem of ozone, 

Lt least as a f i r s t  step, on a quantitativeky understandable 

It is hoped thaF such a 

I ,  

level. 
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